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ABSTRACT 

Pioneer  7 passed through t h e  downstream reg ion  of  s o l a r  

wind i n t e r a c t i o n  w i t h  t h e  geomagnetic f i e l d  a t  900-1050 RE dur ing  

September 26 t o  October  3,  1966. D e t a i l e d  measurements of t h e  magnetic 

f i e l d  sugges t  t h a t  c e r t a i n  of  t h e  magnetic l i n e s  of f o r c e  connect  t o  

t h e  e a r t h  through t h e  geomagnetic t a i l .  A cohe ren t ,  wel l -ordered  

t a i l  w i t h  imbedded n e u t r a l  s h e e t  does not  appear  t o  have been 

observed,  Th i s  sugges t s  t h a t  t h e  geometry of  t h e  t a i l  changes t o  a 

complex set of in te rmingled  i i l amen ta ry  ilux tubes  at s e v e r a l  

hundred R 
E 



I n t r o d u c t i o n  

The NASA deep space probe Pioneer  7 w a s  launched from t h e  E a s t e r n  

T e s t  Range, Cape Kennedy, F l o r i d a  on August 1 7 ,  1966 a t  15:20:07 UT. 

The p r i n c i p a l  o b j e c t i v e  w a s  t o  p l a c e  t h e  s p i n  s t a b i l i z e d  s p a c e c r a f t  

i n t o  a h e l i o c e n t r i c  o r b i t  which would range  between 1 .0  and 1.1 AU 

lagging  behind t h e  e a r t h  w i t h  respect t o  h e l i o c e n t r i c  l ong i tude .  

secondary o b j e c t i v e  and one which inf luenced  t h e  s e l e c t i o n  of t h e  s p e c i f i c  

f i r i n g  t i m e  w a s  t o  have t h e  t r a j e c t o r y  pass near  t h e  sun -ea r th  l i n e  

and a t  as c l o s e  a d i s t a n c e  t o  t h e  e a r t h  as c o n s i s t e n t  w i t h  aphel ion  

a t  1.1 AU. The purpose of t h i s  shaping of t h e  t r a j e c t o r y  w a s  t o  

i n v e s t i g a t e  t h e  p o s s i b l e  e x t e n t  of t h e  geomagnetic t a i l  (Ness, 1965) o r  

d e t e c t a b l e  wake a f f e c t s  a s soc ia t ed  with t h e  s o l a r  wind i n t e r a c t i o n  wi th  

t h e  geomagnetic f i e l d .  Previous  measurements on t h e  Mariner Lc s p a r e r r a f t  

(Van A l l e n ,  1965) on a t r a j e c t o r y  t o  Mars d i d  not  r e v e a l  any f l u c t u a t i o n s  

i n  t h e  flux of e n e r g e t i c  p a r t i c l e s  (E,>45 Kev) a s s o c i a t e d  w i t h  t h e  

t e r res t r ia l  t a i l  o r  wake a t  a geocen t r i c  d i s t a n c e  of 2 1  X 10 

(3300 R E ;  1 RE = 6378.2 km). See Dess l e r  (1966) and Van Al l en  (1966) 

f o r  d i s c u s s i o n s  of t h e  s i g n i f i c a n c e  of t h e s e  d a t a .  

A 

6 k i lome te r s  

The i n v e s t i g a t i o n s  of t h e  geomagnetic t a i l  a t  luna r  d i s t a n c e s  by 

Luna 10 (Gringauz e t  a l ,  1966; Grigorov e t  a l ,  1966; Zhuzgov e t  a l ,  

1966) p r e s e n t  a somewhat i n c o n s i s t e n t  r e s u l t .  I n t e r p r e t a t i o n s  of t h e  

plasma and p a r t i c l e  experiments i n d i c a t e  t h e  e x i s t e n c e  of t h e  geomagnetic 

t a i l  and n e u t r a l  s h e e t  du r ing  f u l l  moon pe r iods  wh i l e  t h e  magnetic f i e l d  

measurements l ead  t o  t h e  conclus ion  t h a t  i t  is  absent .  Magnetic f i e l d  

measurements by Explorer  33 (Ness e t  a l ,  1967) have demonstrated t h e  

e x i s t e n c e  of t h e  t a i l  and i t s  imbedded n e u t r a l  shee t  a t  d i s t a n c e s  up 

to 0.5 X 10 A r e i n t e r p r e t a t i o n  of  t h e  Luna 10 magnetic 6 Kms  ( 8 0 R ~ ) .  

f i e l d  r e s u l t s  n e c e s s i t a t e d  by t h e s e  c o n f l i c t i n g  r e p o r t s  has been 

p r e s e n t e d  by Ness (1967).  



- 2 -  

This  note  d i s c u s s e s  t h e  r e s u l t s  of an i n i t i a l  s tudy  o f  t he  d a t a  

obta ined  by the  NASAIGoddard Space F l i g h t  Center  magnetic f i e l d  

experiment on P ioneer  7 dur ing  the  t i m e  i n t e r v a l  from September 23 t o  

October 3 ,  1966 which included t h e  per iod  dur ing  which t h e  t a i l  might 

have been expected t o  be observed. The l e n g t h  of  t h e  magnetospheric 

t a i l  has  been es t imated  by Dungey (1965) and Dess l e r  (1964) t o  range 

from approximately 1,000 

has been used t o  determine t h e  t ime per iod  du r ing  which t a i l  r e l a t e d  

t o  s e v e r a l  AU, A s i m p l e  model of t h e  t a i l  

phenomena might be expected.  It  is  assumed t h a t  t h e  geomagnetic t a i l  

i s  approximately 40 i n  diameter  (Ness ,  1965; Ness e t  a l ,  1967) and 

t h a t  t h e  d i r e c t i o n  of t h e  s o l a r  wind flow appears  t o  be a b e r r a t e d  by 

3 t o  5 due t o  the  h e l i o c e n t r i c  motion of t h e  e a r t h .  These assumptions 

y i e l d  t h e  reg ion ,  i nd ica t ed  i n  F igu re  1 by shading ,  du r ing  which a h i g h l y  

0 0 

co l l ima ted ,  w e l l  ordered and r i g i d l y  s t r u c t u r e d  geomagnetic t a i l  would 

have been observed.. The s p a c e c r a f t  does not  l i e  c l o s e  t o  t h e  e c l i p t i c  

p lane  however, ranging  from 24 t o  28  R above i t ,  as i n d i c a t e d  i n  F igu re  1, 
E 

by Z S E '  

The magnetic f i e l d  experiment on P ionee r  7 is s i m i l a r  t o  t h a t  

instrumented f o r  t h e  P ioneer  6 s p a c e c r a f t  (Ness e t  a l ,  1966).  

a mono-axial f l u x g a t e  magnetometer s e n s o r  o r i e n t e d  a t  54 

s p i n  a x i s  is sampled t h r e e  t imes du r ing  one r e v o l u t i o n  of t h e  s p a c e c r a f t  

B r i e f l y ,  

0 45'  t o  t h e  

SO t h a t  an or thogonal  set  of measurements i s  ob ta ined  i n  0.656 seconds,  

t h e  s p i n  per iod = 0.984 seconds.. The s e n s i t i v i t y  of t h e  experiment has 

been improved by a f a c t o r  of 2 over  t h a t  of P i o n e e r  6. 

u n c e r t a i n t i e s  due t o  t h e  on-board a n a l o g - t o - d i g i t a l  c o n v e r t e r  y i e l d  a 

Q u a n t i z a t i o n  
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p r e c i s i o n  i n  each component measurement of 50.126 g a m a .  

l e v e l  of t h e  sensor  has been v e r i f i e d  by i n f l i g h t  r e o r i e n t a t i o n  and 

t h e  accuracy of t h e  d a t a  is l imi ted  only by q u a n t i z a t i o n  and t h e  , 

s p a c e c r a f t  a s soc ia t ed  magnetic f i e l d s .  An a n a l y s i s  of t h e s e  e r r o r  

sources  i n d i c a t e s  t h a t  t h e  nominal accuracy of t h e  experiment is 

- +0.2 gamma. 

The zero  
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Observat ions 

The da t a  t o  be d i scussed  i n  t h i s  i n i t i a l  r e p o r t  r e p r e s e n t  

averages  of t h e  magnet ic  f i e l d  computed over  t i m e  i n t e r v a l s  of  30 

seconds o r  1 hour.  The s p a c e c r a f t  t r a n s m i t t e d  d a t a  a t  a r a t e  of 

512 bps dur ing  t h e  i n t e r v a l  of  i n t e r e s t  and t h i s  permi t ted  sampling 

of t h e  magnetic f i e l d  v e c t o r y o n  average,once every  1 - 3  seconds.  Thus 

du r ing  each 30 second i n t e r v a l ,  23 sets  of i n d i v i d u a l  or thogonal  

component measurements were l i n e a r l y  averaged and employed t o  c o n s t r u c t  

an average v e c t o r  f i e l d  magnitude and d i r e c t i o n  i n  s o l a r  e c l i p t i c  

coord ina te s .  The RMS d e v i a t i o n  of  t he  i n d i v i d u a l  compolient measurements 

du r ing  the 30 second i n t e r v a l  has  a l s o  been computed and i s  inc luded  

t o  r e v e a l  t h e  presence  of f l u c t u a t i o n s  of t h e  magnet ic  f i e l d  i n  each  

i n t e r v a l .  During much of t h e  d a t a  t o  be d i scussed  i n  t h i s  note  the  

RMS d e v i a t i o n  i s  observed t o  be c l o s e  t o  t h e  expected q u a n t i z a t i o n  e r r o r  o f  

O " l 3  gamma. A t  t i m e s ,  however, the RbiS d e v i a t i o n  r ises  t o  1 o r  even 

2 gamma, p a r t i c u l a r l y  when the  magnet ic  f i e l d  d i r e c t i o n  changes a b r u p t l y .  

Hourly averages  of  t h e  magnet ic  f i e l d  have been computed from t h e  

30 second d a t a  averages .  Again t h e  p rocess  of l i n e a r l y  averaging  t h e  

or thogonal  components and c o n s t r u c t i n g  an  e q u i v a l e n t  v e c t o r  magnet ic  

f i e l d  has  been employed. A measure of t h e  f l u c t u a t i o n  o f  the magnetic 

f i e l d  dur ing  each hour can be deduced by comparing t h e  magnitude 

of t h e  f i e l d  obta ined  by l i n e a r l y  averaging  t h e  i n d i v i d u a l  magnitudcs 

of t h e  30 second s a m p l e  p o i n t s  w i t h  t h e  magnitude ob ta ined  from thrs 

component averages .  The observed magnet ic  f i e l d s  on 
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Pionee r  7 f o r  t h e  pe r iod  of i n t e r e s t  a r e  summarized i n  F igu res  2 and 

3 .  The d i f f e r e n c e  between t h e  two magnitude averages ,  i n d i c a t e d  by 

shading ,  depends upon t h e  f l u c t u a t i o n s  of t h e  ambient magnetic f i e l d .  

I t  i s  noted t h a t  throughout  t h e  t ime i n t e r v a l  t h e  magnetic f i e l d  i s  

less than  16 gammas and g e n e r a l l y  g r e a t e r  t h a n  4 gamma. The f i e l d  

tends  t o  be d i r e c t e d  c l o s e  t o  t h e  p l ane  of t h e  e c l i p t i c  a t  an angle  

= 270° t o  360'. 
%E 

Throughout t h i s  t ime i n t e r v a l  t e r r e s t r i a l  magnetic a c t i v i t y ,  as 

measured by t h e  Kp index,  w a s  r e l a t i v e l y  low wi th  v a l u e s  of approximately 

2 t o  4 .  Two even t s  c l a s s i f i e d  a s  sudden commencements have been 

r epor t ed  by t h e  p re l imina ry  HA0 B u l l e t i n .  

September 23 a t  0856 UT and September 27 a t  1530 UT. Following t h e s e  

e v e n t s  it is  noted t h a t  t he  magnetic f i e l d  magnitude g e n e r a l l y  r ises  

f o r  a day o r  s o .  The d a t a  i s  r a t h e r  s i m i l a r  t o  t he  measurements f o r  

o t h e r  t imes  on Pioneer  7 and i t  i s  c l e a r  from i n s p e c t i o n  of t h e s e  d a t a  

t h a t  t h e r e  a r e  seldom i n t e r v a l s  dur ing  which t h e  magnetic f i e l d  i s  

bo th  s t e a d y  and d i r e c t e d  e i t h e r  p a r a l l e l  o r  a n t i - p a r a l l e l  t o  t h e  e a r t h -  

sun l i n e  as would be expected w i t h  a co l l ima ted  geomagnetic t a i l  f u l l y  

developed as pred ic t ed  by Dess l e r  (1964).  However, t he  d i r e c t i o n  of 

s o l a r  wind flow i s  known t o  be  v a r i a b l e  w i t h  r e s p e c t  t o  the  ea r th - sun  

l i n e  by as much as 5 t o  10 (Strong e t  a l ,  1965; Wolfe e t  a l ,  1966)- 

Thus i t  is  t o  be expected t h a t  t h e  changing s o l a r  wind d i r e c t i o n  w i l l  

These occurred  on 

0 0 

change t h e  t a i l  o r i e n t a t i o n  and cause t h e  t a i l  t o  be swept over  t h e  s a t e l l i t e  

t r a j e c t o r y  f o r  v a r i a b l e  i n t e r v a l s  of t i m e .  I f  such i s  t h e  case ,  

however, t h e  d a t a  shown i n  F igu res  2 and 3 i n d i c a t e  t h a t  such t ime 
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i n t e r v a l s  are g e n e r a l l y  of a d u r a t i o n  less  t h a n  one hour. The time 

i n t e r v a l  1700-1800 September 27  i s  an example of one hour when d e t a i l e d  

d a t a  sugges ts  t h a t  t h e  t a i l  f i e l d  i s  observed. 

An i n s p e c t i o n  of t h e  d e t a i l e d  30 second average d a t a  has  been 

performed i n  an a t tempt  t o  i d e n t i f y  s h o r t e r  i n t e r v a l s  of time dur ing  

which t h e  o r i e n t a t i o n  of t h e  f i e l d  c l o s e l y  p a r a l l e l s  t h e  e a r t h - s u n  

l i n e .  The r e s u l t  o f  t h i s  s tudy  has  shown t h a t  t h e r e  a r e  t i m e  i n t e r v a l s  

d u r i n g  which t h e  magnetic f i e l d  d i r e c t i o n  c l o s e l y  p a r a l l e l s  t h e  e a r t h -  

sun l i n e  and i n c r e a s e s  g e n e r a l l y  t o  between 6 t o  8 gamma w i t h  

r e l a t i v e l y  weaker f i e l d s  on o t h e r  occas ions .  I n  c e r t a i n  i n s t a n c e s ,  

t o  be d iscussed  subsequent ly ,  r a p i d  changes of  t h e  o r i e n t a t i o n  occur  

i n  which t h e  f i e l d  changes from be ing  d i r e c t e d  towards t h e  sun t o  

away from t h e  sun.  M u l t i p l e  r e v e r s a l s  s e v e r a l  t i m e s  s u g g e s t t h e  

d e t e c t i o n  of t h e  imbedded n e u t r a l  s h e e t  i n  t h e  geomagnetic t a i l .  

F igure  4 p r e s e n t s  t h e  magnetic f i e l d  measurements on September 25 

when anomalous plasma c o n d i t i o n s  were r e p o r t e d  by Wolfe e t  a1 (1967) .  

During t h i s  two hour i n t e r v a l  t h e  p e r i o d s  when d i s t u r b e d  plasma 

c o n d i t i o n s  were observed i s  i n d i c a t e d ,  It  i s  seen  t h a t  t h e s e  p e r i o d s  

g e n e r a l l y  correspond t o  i n t e r v a l s  when t h e  magnet ic  f i e l d  magnitude 

i s  approximately 8 gamma, l a r g e r  t h a n  t h e  f i e l d s  a t  o t h e r  t i m e s  d u r i n g  

t h e  same period.  I n  a d d i t i o n ,  f l u c t u a t i o n s  of t h e  f i e l d ,  as measured 

by t h e  RMS v a l u e s  (Ax, AY, Az) a l l  i n d i c a t e  r a p i d  f l u c t u a t i o n s  of  t h e  

f i e l d  as the magnitude and/or  d i r e c t i o n  changes r a p i d l y .  For t h e  

t i m e  i n t e r v a l  from 1851 t o  1921 t h e  f i e l d  i s  d i r e c t e d  approxiiliately 

i n  t h e  plane of t h e  e c l i p t i c  ( 0  = 0 + - I O o )  a t  a n  a n g l e  of  3 1 5 O  3- 15 0 



t o  t h e  ea r th - sun  l i n e .  A t  t h i s  time an absence of p l a sma  o r  ve ry  weak 

p la sma  f l u x  i s  r epor t ed  w i t h  a fo l lowing  change i n  t h e  plasma spectrum. 

A s m a l l  f l u x  i s  observed when t h e  d i r e c t i o n  of t h e  f i e l d  c l o s e l y  

p a r a l l e l s  t h e  ea r th - sun  l i n e  between 1941 t o  1946, These d a t a  i l l u s t r a t e  

gene ra l  f e a t u r e s  of t h e  d e t a i l e d  magnetic f i e l d  obse rva t ions  a l though 

they  do not  b e s t  i l l u s t r a t e  and suggest  t h e  presence  of t he  extended 

geomagnetic t a i l  f i e l d .  

Data r e v e a l i n g  t h e  p o s s i b l e  presence of t h e  t a i l  f i e l d  over  more 

extended pe r iods  i s  shown i n  F igu re  5. During t h i s  t h r e e  hour t i m e  

i n t e r v a l  t h e  f i e l d  i s  observed usua l ly  t o  be d i r e c t e d  c l o s e  t o  t h e  

p l ane  o f  t h e  e c l i p t i c ,  and t o  be  d i r e c t e d  e i t h e r  towards t h e  sun o r  

away from t h e  sun b u t  always c l o s e l y  p a r a l l e l i n g  t h e  ea r th - sun  l i n e ,  

Abrupt changes i n  t h e  d i r e c t i o n  of the  f i e l d  a r e  observed near  1601, 

1620 and 1638 w i t h  ve ry  r ap id  f l u c t u a t i o n s  i n  t h e  d i r e c t i o n  of t h e  

f i e l d  observed between 1609 t o  1619, I t  i s  noted t h a t  t h e  magnitude 

u s u a l l y  v a r i e s  cohe ren t ly  wi th  t h e  d i r e c t i o n  of t h e  f i e l d ,  being l a r g e s t  

when t h e  f i e l d  i s  s t a b l e  i n  d i r e c t i o n  and high frequency f l u c t u a t i o n s  

are a b s e n t ,  as i n d i c a t e d  by ve ry  low v a l u e s  of t h e  RMS d e v i a t i o n s .  The 

p o s s i b l e  p o s i t i o n  of t h e  n e u t r a l  shee t  i s  ind ica t ed  i n  t h e  f i g u r e  f o r  

t imes  when t h e  f i e l d  ab rup t ly  changes d i r e c t i o n .  These d a t a  a r e  t h e  most 

c h a r a c t e r i s t i c  of t h e  probable  d e t e c t i o n  of t h e  geomagnetic t a i l  f i e l d  

a t  t h e s e  d i s t a n c e s  by P ioneer  7 .  

A f i n a l  example of d e t a i l e d  d a t a  i s  shown i n  F igu re  6 f o r  September 30 

when t h e  i n t e r e s t i n g  f e a t u r e  of abrupt  changes i n  d i r e c t i o n  of t h e  t a i l  
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f i e l d  c h a r a c t e r i s t i c  of m u l t i p l e  t r a v e r s a l s  of t h e  n e u t r a l  s h e e t  are 

aga in  observed dur ing  a two hour i n t e r v a l .  Genera l ly  t h e  t a i l  presence 

i s  determined by t h e  e x i s t e n c e  of  a magnetic f i e l d  of 6 t o  8 gamma 

a t  an o r i e n t a t i o n  (0 = 1 7 5 O  + - 5O; 0 =355O & 5O) c l o s e l y  p a r a l l e l i n g  t h e  

e a r t h - s u n  l i n e .  The sense  i s  dependent upon whether t h e  s p a c e c r a f t  

i s  immersed i n  t h e  t a i l  f i e l d s  which o r i g i n a t e  from t h e  North o r  South 

p o l a r  cap r e g i o n s  of  t h e  e a r t h .  
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Conclusions 

It is  suggested t h a t  t he  o r i e n t a t i o n  and magnitude changes of 

t h e  magnetic f i e l d  observed when the  P ioneer  7 s p a c e c r a f t  w a s  i n  

t h e  r eg ion  of t h e  expected geomagnetic t a i l  a r e  c o n s i s t e n t  w i th  some 

o f  t h e  f i e l d  l i n e s  being connected t o  t h e  e a r t h  through t h e  geomagnetic 

ta i l ,  However, t h e  c r o s s - s e c t i o n a l  geometry of t h e  t a i l  i s  d i f f i c u l t  

t o  a s s e s s  because of t h e  r e l a t i v e l y  s h o r t  pe r iods  of t i m e  dur ing  which 

t h e  geometry of t h e  f i e l d  l i n e s  appears  t o  be t h a t  r equ i r ed  f o r  t a i l  

connec t ion ,  The magnitude of t he  f i e l d  i s  observed from 6 t o  8 gamma 

and i s  c o n s i s t e n t  w i th  t h e  va lue  obtained by the  Explorer  33 

measurements (Ness e t  a l ,  1967) .  Since t h e  s o l a r  p l a s m a  flow g e n e r a l l y  

i s  non-rad ia l  and changes wi th  t i m e  i t  is  t o  be expected t h a t  t h e  

geomagnetic t a i l  could be swept over t h e  s p a c e c r a f t  f o r  i n t e r v a l s  

of  t i m e  vary ing  from minutes t o  hours,  This  i s  c o n s i s t e n t  w i th  the  

obse rva t ions  ob ta ined  wi th  t h e  magnetic f i e l d  experiment,which i n d i c a t e  

t h e  e x i s t e n c e  of geomagnetic t a i l  f i e l d  l i n e s  f o r  v a r i a b l e  per iods  of  

t ime 

The e x i s t e n c e  of abrupt  f i e l d  r e v e r s a l s  may i n d i c a t e  t h e  presence 

of  an  imbedded n e u t r a l  shee t  whose p r o p e r t i e s  are s i m i l a r  t o  those  

observed c l o s e  t o  t h e  e a r t h  (Ness,  1965; S p e i s e r  and Ness,  1967). The 

p resence  of f i e l d  r e v e r s a l s  w a s  no t  expected t o  be observed s i n c e  

t h e  s p a c e c r a f t  w a s  g e n e r a l l y  w e l l  above t h e  e c l i p t i c  p lane .  However, 

an o u t  of  t h e  e c l i p t i c  flow of  s o l a r  p l a sma  by as l i t t l e  as 1' i s  

s u f f i c i e n t  t o  raise t h e  axis of t h e  t a i l  by 16 a t  t h e  P ioneer  7 d i s t a n c e  
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of 900 -+ 1050 RE. Thus w i t h  t h e  known v a r i a t i o n s  i n  s o l a r  plasma f l o w  

i t  i s  t o  be expected t h a t  f i e l d  l i n e s  o r i g i n a t i n g  both  i n  t h e  no r the rn  

and sou the rn  hemisphere p o l a r  cap r eg ions  of t h e  e a r t h  would be observed. 

It has been noted i n  t h e  s t u d y  of t h e  magnetic f i e l d  d a t a  t h a t  

g e n e r a l l y  the  obse rva t ions  of t h e  t a i l  and p a r t i c u l a r l y  t h e  f i e l d  r e v e r s a l  

r e g i o n s  u s u a l l y  occur between 1500 t o  2100 UT. I t  i s  p o s s i b l e  t h a t  t h e  

rocking  of  t he  i n c l i n a t i o n  of t h e  n e u t r a l  s h e e t  p lane  due t o  t h e  wobbling 

of t h e  non-axia l  geomagnetic d i p o l e  might be  t h e  sou rce  of t h i s  apparent  

p e r i o d i c i t y  i n  t a i l  obse rva t ions .  A s tudy  of t h e  i n c l i n a t i o n  of t h e  

s o l a r  magnetospheric e q u a t o r i a l  p l ane  and t h e  geomagnetic l a t i t u d e  of t h e  

s u b s o l a r  po in t  i s  presented  i n  F igu re  7.  I t  i s  seen  t h a t  t h e  d i r e c t i o n  

of t h e  magnetic a x i s  i s  such t h a t  f o r  t h e  o b s e r v a t i o n s  by P ionee r  7 

t h e  n e u t r a l  shee t  i s  o r i e n t e d  f avorab ly  f o r  d e t e c t i o n  by a s p a c e c r a f t  

25 R above t h e  e c l i p t i c  p l ane .  I n  a d d i t i o n ,  t h e  geomagnetic l a t i t u d e  of 

t h e  s u b s o l a r  p o i n t  i s  p o s i t i v e  and t h u s  a l s o  i s  f a v o r a b l e  f o r  t a i l  

o b s e r v a t i o n s  above t h e  e c l i p t i c  p l ane .  The maximum i n c l i n a t i o n  of t h e  

n e u t r a l  shee t  of -34' i s  seen  t o  occur  a t  about 1100 UT, 

i n  subsequent obse rva t ion  of t h e  f i e l d  r e v e r s a l s  by P ionee r  7 i s  c o n s i s t e n t  

w i th  t h e  expected plasma v e l o c i t i e s .  

E 

The t ime d e l a y  

I t  i s  p o s s i b l e  t h a t  t h e  geomagnetic t a i l  a t  t h e s e  l a r g e  d i s t a n c e s  

i s  no longer  composed of two s e p a r a t e  bundles  of o p p o s i t e l y  d i r e c t e d  f i e l d  

l i n e s  sepa ra t ed  by a s i n g l e  n e u t r a l  s h e e t .  Indeed t h e  t a i l  may be 

sepa ra t ed  i n t o  a number of f i l a m e n t s  i n  c l o s e  p rox imi ty  and i n t e r t w i n e d ,  

which wh i l e  s t i l l  ma in ta in ing  connec t ion  t o  t h e  e a r t h  no longe r  p re se rve  

t h e  w e l l  de f ined  c r o s s - s e c t i o n a l  t a i l  geometry observed i n  c i s l u n a r  space .  

D i f f u s i o n  of plasma from t h e  n e u t r a l  s h e e t  and t h e  magnetosheath i n t o  

t h e  geomagnetic t a i l  must be an impor tan t  p r o c e s s  i n  modifying t h e  geometry 

and t h e  phys ica l  parameters from t h o s e  observed i n n e a r  e a r t h  regiol1s- 
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It  is  a n t i c i p a t e d  t h a t  d e t a i l e d  comparison wi th  t h e  r e s u l t s  of 

s imultaneous p la sma  d a t a ,  and review of t h e  geometry and t h e  phys ica l  

parameters  ob ta ined  from t h e s e  comparisons s h a l l  i n d i c a t e  more 

p r e c i s e l y  the  c o r r e c t  na tu re  of t h e  geomagnetic t a i l  a t  t h e s e  d i s t a n c e s .  
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FIGURE CAPTIONS 

F igure  1 T r a j e c t o r y  of P ionee r  7 dur ing  September 23 t o  30, 1966 

p r o j e c t e d  on e c l i p t i c  p lane  du r ing  passage through syzygy. 

The shaded r eg ion  i n d i c a t e s  t h e  time i n t e r v a l  du r ing  which 

t h e  geomagnetic t a i l  was expected t o  be observed assuming t h e  

t h e o r e t i c a l  model desc r ibed  i n  t h e  tex t ,  

F igu re  2 Hourly averaged magnetic f i e l d  o b s e r v a t i o n s  on P ionee r  7 

p re sen ted  i n  s o l a r  e c l i p t i c  coord ina te s  f o r  t h e  pe r iod  

September 23,5 t o  28,5,  1966, The two curves  f o r  t h e  

magnitude r e p r e s e n t  d i f f e r e n t  methods of computation and 

t h e i r  d i f f e r e n c e s  r e f l e c t  f l u c t u a t i o n s  of t h e  d i r e c t i o n  and/or  

magnitude dur ing  t h e  hour,  (See t e x t ) .  

F i g u r e  3 Hourly averaged magnetic f i e l d  obse rva t ions  on P ionee r  7 

p re sen ted  i n  s o l a r  e c l i p t i c  c o o r d i n a t e s  f o r  t h e  pe r iod  

September 28.5 t o  October 3 , 5 ,  1966. See F igu re  2 cap t ion .  

F i g u r e  4 D e t a i l e d  30 second averaged magnetic f i e l d  o b s e r v a t i o n s  by 

P ionee r  7 on September 25, 1966 when t h e  f i e l d  o r i e n t a t i o n ,  

magnitude and p la sma  f l u x  parameters change due t o  p o s s i b l e  

immersion i n  t h e  extended geomagnetic t a i l .  (See t e x t ) .  

F i g u r e  5 D e t a i l e d  30 second averaged magnetic f i e l d  o b s e r v a t i o n s  by 

P ionee r  7 on September 27, 1966 when t h e  f i e l d  o r i e n t a t i o n  and 

i t s  r a p i d  r e v e r s a l s  are c h a r a c t e r i s t i c  of t h e  n e u t r a l  s h e e t  

r eg ion  o f  t h e  geomagnetic t a i l .  Throughout t h e  3 hour 

i n t e r v a l  from 1500 t o  1800 t h e  f i e l d  i s  observed t o  be d i r e c t e d  

e i t h e r  away from t h e  sun (@ = 180 ) o r  towards t h e  sun 

( @  = 360°), 

0 



F i g u r e  6 Add i t iona l  d e t a i l e d  o b s e r v a t i o n s  of  t h e  extended geomagnetic 

t a i l  on September 30, 1966 w i t h  f i e l d  r e v e r s a l s  occur r ing  

s e v e r a l  t i m e s  w i t h i n  t h e  two hour i n t e r v a l  from 1700 t o  1900. 

F igu re  7 V a r i a t i o n  of t h e  i n c l i n a t i o n  (CY) of t h e  so la r -magnetospher ic  

e q u a t o r i a l  p lane  t o  t h e  e c l i p t i c  p l ane  as a f u n c t i o n  of  t i m e  

f o r  t h e  i n t e r v a l  September 26, 1966 t o  October 1, 1966, Also 

the  geomagnetic l a t i t u d e  of t h e  s u b s o l a r  p o i n t  i s  p resen ted .  
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